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DOMAIN-MODIFIED CONSTANT REGION ANTIBODIES 

5 INTRODUCTION 
Technical Field 

The present invention relates to monoclonal 
antibodies and in particular to genetically modified 
monoclonal antibodies having domain-modified constant 
10 regions. 

Background o f the Invention 

Naurally occurring specific binding molecules, 
such as immunoglobulins, enzymes, and membrane proteins, 
have seen an extraordinary expansion in commercial ap- 
plications over the last decade. With the advent of 
monoclonal antibodies, the usefulness of immunoglobu- 
lins has been greatly expanded. However, in many ap- 
plications, the use of monoclonal antibodies is severe- 
ly restricted where the monoclonal antibodies are to be 
used in a biological environment. For example, mono- 
clonal antibodies produced in rodents, e.g., mice, the 
most common producer species, are immunogenic to other 
species. 
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Cross-species immunogenicity is a function of 
the constant region of immunoglobulins. The constant 
region has a number of specific functions, such as com- 
plement binding, cell receptor binding control of cata- 
bolic rate, anaphylaxis, opsonization, placental and 
gut transfer, and immune regulation, in addition to be- 
ing immunogenic. There will, therefore, be situations 
where it will be desirable to have constant regions 
which bind to cells or proteins from a particular spe- 
cies together with binding regions (variable regions) 
35 specific for a particular antigen. 
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Although it has generally been relatively easv 
to produce .urine monoclonal antibodies of the desired 
antigen specificity, it has been much more difficu 0 

. iz tz:?; n monocionai antibodi - — - deste ° 

feLbie fo PrOPertieS ' Human monoclonals are pre- 

nosL and : h many aPPUCati ° nS ' in vivo diag- 

nos s and therapy of humans, chimeric antiboolel with 
antigen specificity derived from a mouse myeloma 
or a hybrxdoma have been joined to human constant J 
9i ons to overcome, in part, species limitations xnne r - 

Tt^ZTT 1 antib0dieS * engineered 
antxbod.es produced by transfectomas have also allowed 
nvestxgators to change the isotype of the antibody 
that results following fusion to a normal spleen cell 
usually to produce lg G antibodies. ' 

However, there have been obstacles encountered 
» usxng transfectomas to produce chimeric antibodxes 
havxng murine variable regions and human constant r" 

boL^: ? XamPle ' iDitiall y-P^uced chimeric anti- 

bodxes were limited to those in which the constant 

Li 1 :: r a11 of the properties ° f the d — "-n 

as bxnd 'T 11 - EDhanCed ° r r6dUCed P-perties, such 
as b ndxng of compl effle nt, are desireable for many 
applxcations. y 

Accordingly, considerable interest remains in 
Preparxng immunoglobulins having modified biological 
unctx 0ns hile retaining fche broad -1 

Teas aVaiUble ^ ° f V3riable r ^ io - 
an easily available source. 

Relevant Literatnr.. 

80. 83! --" Pr ° C - "-' "" (1983) 

7?; 8 !"! ' "°"lson et el. , Proc. ... j 

U*84, 81:6851-6855; Ocni et fl„ Bafc^jjj^ 

(1M3) 80:6351.635s,, and Ochl et al. , Matur e 
IJM 302:340-342 describe i^^ lab ^~i x . 

Pression in transf.cto.as. Heuber,er et al , Hatur. 
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S&BB&nl (1985) 314:268-270 and Bouhanne et al., Nature 
ISSStel (1984) 312.-543 describe transferal secTe^ 
relilTs Tl haVin9 ^° USe Varia ^ and human constant 

HI T ^ 6Xpression ° f -tigen binding d^ 
mams covalently associated with non-immunoglobulin se- 
qUenCeS * Advances in Tmnnn,^. Vol AOf pp> 61 _ 134 
reviews biologic activities residing in the Pc region 
of ig. Immunoglobulin genes are disclosed and reviewed 
ularlT 8 PU ^ UCati ° nS ' SUCh as ^tson et al., Molec- 
MenL p r Y f>n -' VQ1 - IX ' ^^amin/Cununi— 

and th : C3lif0rnia ' 4th -""on, "87, Chapter 23, 
and the publications cited therein. 

SUMMARY OF THE INVENT TOM 
An antibody having at least one binding site 
region and a domain-modified constant region is provi- 
ded. The domain modification is either a substitution 
of , an insertion of, or a deletion of substantially all 
of the ammo acids of at least one of the domains of a 
constant region: C L , C H 1, hinge, C H 2, c H 3 or C H 4. The 
functional properties of the domain-modi fi ed constant 
region antibodies are selected to enhance the desired 
biological functions for a particular application. 
Antibody constant-region domains can be eliminated, in- 
serted, or substituted for (exchanged) by a domain of a 
different isotype or immunoglobuin class or from the 

frIm\ h Chain ' SUbStitUted ° r in -rted domain can be 

from the same antibody or from another antibody of the 
same animal, the same species of animal, or a different 
species of animal, m this way, the functional proper- 
ties of the biological molecule can be optimized for 
the desired application. 

DNA constructs encoding domain-modified con- 
stant regions, constructs encoding complete constant- 
region-domain-modified antibodies, and cells expressing 
such antibodies are also provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a cloning cassette used 
to exchange constant regions; 
5 Figure 2 illustrates a cloning cassette used 

to exchange constant region domains; 

Figure 3 illustrates a cloning cassette used 
to delete or duplicate constant region domains; 

Figure 4 illustrates a cloning cassette used 
10 to delete a carboxy terminal domain; and 

Figure 5 illustrates two variations of cloning 
cassettes used to delete an amino terminal domain. 

DESCRIPTION OP THF SPECIFIC EMBODIMENTS 

15 Novel methods and compositions are provided 

for production of antibodies having domain-modified 
constant regions. The present invention is concerned 
specifically with modifications of one or more domains 
of the constant region of an antibody, which can be or 
20 is attached to a binding-site or variable region of the 
original antibody from which the constant region was 
derived or to another antibody. The complete antibo- 
dies have at least one binding site region which may be 
naturally occurring in a host animal or genetically 
25 modified. Alterations of the binding site region of 
the antibodies do not constitute a part of this inven- 
tion, although such altered-binding-site antibodies 
will be within the scope of this invention if their 
constant regions are modified as described herein. 
30 used herein, a domain-modified constant re- 

gion means that substantially all of the amino acids of 
at least one of the domains of C L , C H 1, hinge, c H 2, C H 3 
or C H 4 in an antibody chain is either deleted, inserted 
or exchanged. By exchanged is meant that a domain from 
a different source is substituted for a domain initial- 
ly present in the antibody, when the modification is a 
substitution, usually the domain is substituted for by 
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the equivalent domain of an antibody of another isotype 
or class or from the light chain of the same or a dif- 
ferent antibody. Usually the insertion of a domain is 
the duplication of one or more domains of the original 
antibody. However, other substitutions and/or duplica- 
tions can also be carried out. 

Antibodies having a domain-modified constant 
region can be prepared from fused genes containing a 
gene segment encoding a portion of the antibody in- 
volved with binding and a gene segment encoding a 
domain-modified constant region derived from the same 
or a different host animal. Two expression cassettes, 
one encoding the heavy chain and one encoding the light 
chain, are generally involved in producing complete do- 
main-modified constant region antibodies, which genes 
are introduced into an appropriate eukaryotic host 
under conditions for expression and processing, when 
the genes are expressed and the antibody chains bind 
together, an assembled antibody is obtained. The anti- 
bodies include IgM, lg G , IgA, lg D and IgE classes as 
well as the various subclasses of the individual clas- 
ses (e.g, human igGl through lgG4). Chain types in- 
clude for the light chain K or x and for the heavy 
chain „, Y , 0 , 6 and ,. Classification by isotype re- 
fers to the class and subclass, light chain type and 
subtype, and can also be applied to the variable region 
groups and subgroups. An example of an isotype desig- 
nation for a mouse immunoglobulin is IgG 2a ( K ). 

The binding site or variable region will vary 
xn conformation with the amino acid sequence providing 
the desired specificity. The variable region of the 
immunoglobulins will be derived from a convenient source, 
usually mammalian, which may be a rodent, e.g., mouse 
or rat, rabbit, or other vertebrate, mammalian or other- 
wise, capable of producing immunoglobulins. The vari- 
able region may be genetically modified or naturally 
occur ing. 
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»ell as 2% C T taa l re9i0 " ° f as 
llll of !h ° r I,M (n0t the » J re- 

be derived from . vertebrate source the sane as or dif- 
5 f ere Bt f rom the soucce o£ ^ 

larly a mammalian source, more particularly priLe or 

m"e o^t? 1 ;. 6 -'- b °° ine ' p ° rclne ' - 

sou ce'f\ h ' ~ * ta-n. The 

LO 1Z , CO ° Stant C69i0 ° ° a " be eith « «»«■ the 

10 same animal or different animals of the same or differ- 
ent species as the source of the variable region. 

. . . * S " kn0OT ' the <=°»"ant region of an antibo- 
dy chain „ speci£ic £or , sp , oies- ° 

5 modlfi"^ 1 be 3 PlU " lity ° £ lU ° tre « S - *- 

modifxed constant-region portion of the antibody will 

7T b a" ? h T~ ^ aCCOrSanCe " ith ** ^ " « 
of the antibody, as a first consideration where the an- 
tibody „ to he introduced into a host animal for diag- 
nosis or therapy, th. constant or immunogenic portion 

If L h 3 ' e ° tad S ° " '° ° lnl " iZe -PO- 
stent re! «» «* the con- 

stant region is human when intended for use in humans. 

The potential application of antibody mole- 

. citvVr f eter, " ined "* by their antigen specifi- 

city but also by their effector functions. Therefore, 
as a second consideration, the domain-modified antibo- 
dies are selected to optimize their ability to perform 
a Particular function. p or „ample, the domain or do- 
mains related to enhancing the half-life of the anti- 
bodies „ui be modified to provide an enhanced or shor- ' 
tened half-life depending on the particular application 

titdieT" 0 " 3 th " can be selectl - ely " °- 

tibodies using the techniques taught herein include 

abi S li!v r tribUU °"" abUUy t0 "* lament, and 
ZoZllT 1 ^ 10 t cellular 



WO 89/07142 



7 



PCT/US89/00297 



10 



15 



20 



30 



As a third consideration, the antibodies are 
modified to facilitate in vitro manipulations. For ex- 
ample, antibodies can be altered so that it is easier 
to add more molecules of a radioactive isotope or drug 
without changing the binding site specificity, if the 
antibody is to function as a drug delivery system, en- 
hancing covalent attachment of the drug in an antibody 
that can be secreted in large quantities would be 
desirable. 

►h* a , J* 16 m ° difiCation of the extant region can be 
the deletion, insertion, or substitution of substan- 
tially all of the amino acids of at least one domain. 
Substantially all," when referring to the amino acids 
of a domain, encompasses 100% of the amino acids being 
manipulated but can also refer to less than 100% of the 
amino acids, such as 80%, 85%, 90%, or 95%. Manipula- 
tion of 100% of the amino acids in a domain by use of 
restriction sites in introns is most common, a number 
of antibody functions have been localized to a domain 
or domains as illustrated in Table 1. See Paul, Funda- 
mental Immune! oqy, Ra ven Press, New York, NY, 19*7. 

Table 1 



25 Domains s) Function 



V H + v l Antigen binding. 

Noncovalent assembly of h and L chains. 

C H 1 ♦ C L !??« c °;£lent assembly of h and L chains. 

Covalent assembly of H and L chains. 

C H 2 Binding Clq (complement). 

Control of catabolic rate. 

C H 3 Interaction with Fc-receptor on macro- 

phages and monocytes. 
35 Noncovalent assembly of H chains. 
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10 



Domain (si FuncUnn 



C H 2 + C H 3 Interaction with protein A from 
staphyl ococcus aureus . 
Interaction witn Fc-receptor on: 

(a) placental syncitiotrophoblast 

(b) neutrophils 

(c) cytotoxic K-cells 

(d) intestinal epithelial cells 
(neonates of certain species) 



Since the function of these domains is known, a partic- 
ular effector function can be modified by deleting or 
inserting a domain related to that function or by sub- 
is stituting a domain of a different class or isotype an- 
tibody for a corresponding domain which functions less 
effectively for a desired property. 

One or more deletion can occur in preparing a 
domain-modified constant region of the invention. Mul- 
tiple deleted domains may be adjacent or non-adjacent 
The deleted domain(s) can be the carboxy-terminal do- 
main of the constant region, one or more internal do- 1 
mams, or the amino-terminal domain. Domains related 
to functions not necessary for or detrimental to a par- 
ticular use can be eliminated. For example, the C w 2 
domain can be deleted when complement binding is unde- 
sirable. Deletion of non-essential domains may facili- 
tate secretion or assembly of antibody molecules'. For 
example, deletion of c H l, the proposed binding site of 
heavy chain binding protein, would permit secretion of 
heavy chains without associated light chains. Domain 
deletions can be selected to influence any of the bio- 
logic properties of immunoglobulin. 

When the constant region of a heavy chain is 
modified by a substitution, the substitution involves 
substantially all of the amino acids of at least one of 
the domains of C L , C H 1, hinge, C H 2 or C H 3, or in the 
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case of i gM and IgE, the c H 4 domain. The domain can be 
substituted for with a constant region domain from an 
• antibody of another isotype or class. Additionally, 
the light chain constant domain can be substituted for 
heavy region domains, including joining the heavy chain 
variable region (V H ) to the light chain constant region 
(C L ). Usually, but not necessarily, a domain will be 
substituted for by the corresponding domain of an 
antibody of another isotype or class. That is, for 
example, a C H 1 domain will usually be exchanged for 
another C H 1 domain. 

In addition to exchanging domains in order to 
produce antibodies having currently predictable proper- 
ties, molecules with unique combinations of biological 
functions not now known can be prepared as greater in- 
sight is gained into the contribution of each domain to 
biologic activity. For example, it should be possible 
to combine the ability of lgG 3 to bind Pc receptors on 
mononuclear cells with the longer serum half-life of 
IgG 2 if these properties are associated with different 
domains. The reduced ability of lgG 4 to activate com- 
plement may be combined with the ability of igG, to 
bind with high affinty to Pc receptors. By combining 
domains from i gA and lg G , it may be possible to produce 
IgG molecules that can interact with a secretory piece 
and so be less susceptible to proteolysis in the gut. 

The constant region can also be domain-modi- 
fied by the insertion of substantially all of the amino 
acids of at least one of the domains of the constant 
region, C L , C H 1, C H 2, C H 3 or C H 4. m some cases the 
insertion provides a duplicate of at least one constant 
region domain already present to provide a constant re- 
gion having one or more of the domains present as mul- 
tiple copies. Additionally, the inserted domain can be 
from an antibody of a different isotype or class or 
from another chain. Usually the insertion will main- 
tain the .domains in their natural order. That is, for 
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CbI and c h 2 domain regions, alternatively, when two or 
-ay be maintained within the inserted group. That il 

of the - £ u ~ 

used T h 98 d °° ai °- "-^ Nation =a„ also be 
used enhance desired functions, ror sample, carbo! 

» ... ay aupiicatini s/rscr^-r to 

ssr potentiaiiy " aiubie £or u - *» 

the ™ 3UbStitutea °' ^"ted domain ca „ be from 

the same host animal source as the constant region or 

from the same or a different species. The substituted 
or mserted domain can also be a naturally occurino or 
a oeneticaUy modified domain. Oenetic modifications 
contemplated include the addition of amino a It a"l- 
20 itating covalent Unking of drugs or radioisotopes? 
such as by including cysteines or lysines in the do- 
main, „ suaUv as , substltution £ot an 

ent m the domain as obtained from natural sources 

25 «™ !"" Cipated ^"cation would be addi- 

25 tion or deletion of carbohydrate, which could be accom- 
p shed by substitution of amino acids to pro.id. IddT- 
tional ammo acids or delete amino acids that serve as 
Points of attachment for carbohydrates. 
30 A nunl, « <* exemplary domain-modified constant 

™it 2 t :° uhlch ha * e been p ~ «• 

those Usted n ^"i* 6 "* 1 S ~"°°- *• addition to 
4 and, \ 3 " leS ° £ T3 Pr ° teinS 2, 3, 

.hi!? „ " 6nS hi "' e P"*"-*- f-oteins in 

which V H has been Joined to % and Cfc to V„ have also 

secreteT"*' """ Pt ° tainS *— ««i and we e 
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Antibodies of the invention are generally pro- 
duced in microorganisms or cell lines using an expres- 
sion vector system comprising transcriptional and 
translational regulatory sequences and a gene capable 
5 of producing a domain-modified constant region under 
the control of the regulatory sequences. Suitable ex- 
pression systems are well known and do not constitute a 
part of this invention. Vectors used for transfection 
of Ig genes are described in Bio Techniques 4:214-221. 
10 These vectors provide one feasible delivery system; 
delivery by alternative vectors would also be within 
the scope of the present invention. 

The general expression vector systems employed 
to produce the antibodies of the present invention can 
be varied in order to provide a number of convenient 
properties. First, the H and L chains can be on separ- 
ate plasmids. Although both* genes may be on the same 
plasmid and there is no inherent size limitation, it is 
more convenient to genetically manipulate smaller plas- 
mids due to the number of novel restriction sites 
available. Second, unique sites can be introduced 
within the vectors using linkers to facilitate trans- 
ferring variable regions between plasmids. This is 
more easily accomplished in smaller plasmids. Third, 
once a variable region has been cloned into one expres- 
sion vector, it is simpler to express it associated 
with different constant regions in a small plasmid than 
to require two changes i-n the same large plasmid prior 
to expression. 

The gene segments encoding the individual an- 
tibody domains are typically joined by linking groups. 
These linking groups can be natural introns or can be 
introns that have been modified by artificial manipula- 
tion. The intron/exon nature of the antibody gene can 
be used to facilitate preparation of domain-modified 
constant regions of the invention. The domain struc- 
ture of antibody molecules is reflected in the struc- 
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ture of the genes which encode it, with each domain 
being encoded by a separate exon. The intervening DNA 
sequences (introns) separating each domain provided 
ideal sites f or manipulating the antibody gene. Since 
the intervening sequences are removed by rna splicing 
and are not found in the mature mRNA, alterations wiL- 
xn the intervening sequence do not affect the structure 
of the mature protein molecule. 

variab!. 'Y^ 00 ' the «« S P^« junctions between 
variable and constant region exons in both heavy and 
light chaxn genes can be used to advantage in the pres- 
ent xnventxon since these junctions are conserved /even 
between specxes. The amino acid at the domain boundary 
is always formed by two nucleotides from the 5- domain 
and one nucleotide from the 3- domain. Thus by li ga t- 
-g gene segments within the intervening DNA sequences, 
V S POSSlble to «*• chimeric molecules within and 
between chains as well as across species. 

The general strategy typically used for making 
chxmerxc molecules of the invention is to create clon- 
ing cassettes (see Figure 1, containing at least the 
domains to be manipulated. A similar technique has 

llTiZ? /h itt the prior art for preparin * Chi " eric 

variable/human constant region heavy chains. When the 
vectors for creating chimeric mouse variable/human con- 

a Salvor ^ ChaiDS m COnstr ^ed, for example, 
a Sail sxte can be introduced into the intervening se- 
quence using DNA oligonucleotide linkers. This renders 
the human constant region gene segments into Sali-BamHl 
fragments and facilitates the- insertion of diiflrenT* 
constant regions next to the variable region gene seg- 
ments, once a variable region prepared in this fashion 
is cloned, the variable region can be placed next to 
different constant regions in new cassettes. 

It has now been determined that a similar ap- 
proach can be used to create domain cassettes for use 
" preparing domain-modified antibody chains (see Pig- 
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2). Using oligonucleotide linkers, unique restric- 
tion sites can be introduced into one or more of the 
intervening sequences separating the exons that encode 
the domains of the constant-region IgG heavy-chain 
genes. Examples of restriction sites are set forth in 
the Figures. Once these linkers are in place, it is 
possible to exchange, insert, or delete exons and hence 
immunoglobulin domains (see Figure 3). The new vectors 
produced by exchange, insertion, or deletion can then 
be used to produce immunoglobulin molecules having al- 
tered structures which enhance the desired functional 
property. 

Specific techniques are described in the exam- 
ples that follow. Furthermore, now that the present 
invention has demonstrated that restriction sites can 
be introduced into the intervening sequences separating 
the exons that encode the domains, as well a between 
constant and variable regions, the techniques described 
m various scientific publications relating to the pro- 
duction of chimeric antibody molecules with antigen- 
binding domains and constant region domains from dif- 
ferent mammalian sources can be applied to the exchange, 
insertions, and deletion of domains within the constant 
region using the guidance provided in this specifica- 
25 tion. a number of relevant publications are set forth 
above in the section entitled Relevant Literature. 

The above strategy is also effective for pro- 
ducing internal deletions within the Ig molecule. 
Slightly different approaches can be used to create 
deletions at either the amino or carboxy terminus of 
the molecule. 

There are two ways to make a carboxy terminal 
deletion. The first is to insert a non-sense codon by 
site-directed mutagenesis. Using this approach chains 
terminating at any residue can be created. As an al- 
ternative approach, a cassette can be produced and 
placed 3' of an exon to caus termination after that 
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exon As starting material, the gene encoding, for 
example, c H 2b-C H 3 of mouse Y , b can be used. This gene 
contains convenient restriction sites. First, most of 
C H 3 xs deleted. Then a termination codon in all three 

2T\ £rameS ^ inS6rted " ^ 5 ' e " d ° f ^e ^ do- 
main ***** linker can be inserted into the IVS S> 
of C H 2. This cassette can then be placed 3' of any 
exon. The preceding exon can be spliced to C H 2 of * 
1. "s^r 9 — • nation codon af 

M SeV6ral approaches to m ^ing amino terminal 

ilLstrL 3 r 6 POSSible ' ^ tW ° SUCh a PP— hes are 

the xo " Pl9Ure 5 * ^ Pi9UrS 5A the 5 ' r ^icn of 

the ig gene with its promoter and leader are joined to 

with al ^ ^ 6X ° n 3 ' ° f U ' Pr0ducin ^ * mRNA 

L le!L St3rt SitSS ^ 6nCOding 3 protei - 

ZLl l T S6qUenCe " y ° r Day not be cleave <* *'« the 

20 and oL ^ ^ 5B the pr0ln0t « 

20 and other regions necessary for Ig transcription (indi- 
cated by cross-hatched box, are joined directly to the 
exon. if a translation start site (AUG, is not avail- 
able x t be prov . ded by ^ mutagenesis> The 

>5 til t::: „ the transiati - . it . wi n d^^. 

-5 the size and structure of the protein product. 

for „ The invention also contemplates DNA constructs 
for producing a domain-modified constant region. The 
constructs comprise DNA sequences encoding polypeptide 
segments substanfcially fche gane ^ J P he ^ tide 

Zl 7 *° mainS j ° ined thr0U9h a W in read- 

xng frame at its s> end to the 3- end of the sequence 

al!v Pr6ViOUS The ^structs will usu- 

ally additionally include a sequence encoding the vari- 

5 endVT 11 ' j ° ined thr ° U9h 3 linki ^ *'-P at its 3- 
end to the 5- end of the sequence encoding the first 
constant region domain, when the construct encodes the 
heavy chain it will include sequences encoding the C n i 
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hinge, C H 2, c H 3 and optionally the C H 4 domains, simi- 
larly, the construct will contain sequences encoding 
the C L domain when the construct encodes the light 
chain. The constructs can be synthesized in segments 
that are spliced together and cloned, or by any other 
technique of biotechnology. 

When the domain modification is a substitution, 
the linking group preceding and following the gene seg-' 
ment(s) encoding the domain(s) to be exchanged will 
usually comprise a unique restriction site. The sane 
restriction site then will be present in the linking 
groups surrounding the sequence encoding the domain(s) 
of another antibody which is to be exchanged. To fa- 
cilitate duplications or internal deletions, the same 
first unique restriction site is present in the linking 
group which precedes the sequence encoding the domain 
which is at the amino terminal end of the sequence en- 
coding the domain to be duplicated or deleted, a sec- 
ond unique restriction is present in the linking group 
preceding the sequence encoding the domain(s) to be 
duplicated/deleted in the gene encoding one chain and 
in the linking group following the sequence encoding 
the domain(s) in the gene encoding a second identical 
chain. In this way, following exchange, the domain(s) 
is present in two copies (duplicated) in the gene en- 
coding one chain and absent (deleted) in the gene en- 
coding the second chain. When the domain modification 
is a carboxy-terminal deletion, the linking group fol- 
lowing the domain which will comprise the C-terminus 
will contain either a non-sense codon or a termination 
codon. 

Cells producing antibodies of the present in- 
vention are also provided. The cells contain DMA con- 
structs for expression of a domain-modified constant 
region antibody heavy chain described previously. The 
cells also contain a DNA sequence encoding a light 
chain region, usually in a separate DNA construct. The 
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production of cells producing chimeric antibodies (e g 
transfers) is well known and descrifaed 
articles cited in Relevant Literature. 

5 frao^n* 10 additi ° n t0 com P lete antibodies, antibody 
fragments containing domain-modified constant regionl 

half Hit ° f ^ Pr6Sent inVenti0n ' *« —Pie, 

half antxbodxes prepared from single light and single 

heavy chaxns that have assembled to form a specific 

10 ^addition 6 0311 ^ US6d 33 ffl ° n0Valent bindi ^ 

aiont k' n ° n - aSSembled ^--modified constant re- 
gions can be used as antigens for generating specific 
polyclonal or monoclonal antibodies. Production of 
particular antibody specificity can be eliminated or 

15 ITTT ^ deleti ° nS ° r insertions < respectively. Use 
15 of a domain-modified antibody having exchanged domains 
can duce yclonal antib6dieg having a ^ 

ture of specificities in high yield. 

The term "antibody" as used in this applica- 
20 tnT' r' 6 " t0 b ° th Wh ° le antibodi es and fragments 

Tel7L m ° le antib ° dieS C ° ntain tW ° - 
heavy chains assembled intQ fche nafcurai x f 

uratxon Antibody fragments include half antibodies 

sZT/l° m Si " 9le U9ht h6aVy Chains that ^ve as- 

25 f" , Pr ° dUCe 3 SP6CifiC bindin * sit * - as 
25 fragments of either whole or half antibodies prepared 
by cleavage with enzymes, such as papain. 

fn v ^ f ° llowing examples are offered by way of 
illustration and not by way of limitation. 
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EXPERIMENTAL 
Example 1 



Human T3 antibody has an extended hinge region 
=on. lstl n, of tour exons. Human ^exhibits Jite 17- 
ferent properties in spite of extensive sequence simi- 
lar ties ( > 9 o% identical residues in C H 2 and c H 3, in 
th«r constant regions. IgS} . ge »es have been construc- 
ted and expressed. The proteins isolated have one, t»o. 
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three or four (wild-type, hinge exons. A change in 
molecular weight of the heavy chains with the subse- 
quent hinge deletions was noted. . m addition, the YV 
hxnge has been placed in the Y , constant region and 
' S£!2Sa. Exchanging the hinge region from igG 3 and 
I9G 4 did not alter the ability of these molecules to 
fix complement and to bind to the Pc receptor. 

Example 2 

In order to maximize the usefulness of geneti- 
cally engineered antibodies for such applications as 
drug delivery, it is useful to raake alterafcions . r 

anybody. The Imitations are that the antibodies must 
be assembled and secreted and must retain their ability 
to specifically bind antigen. 

To determine if there is an upper limit on tne 
size of an antibody molecule which could be produced 
an IgG 3 heavy chain in which C H 1 and the hinge region 
were duplicated was constructed, m a second construct, 
C H 1, hange and C H 2 were duplicated. When the gene with 
C H 1 and the hinge duplicated was used for transfection 
a grealy reduced transfection frequency was seen, when 
the surviving transf ectants were analyzed, none produced 
any detectable heavy chain protein. These results sug- 
gest that the heavy chain encoded by this construct was 
toxic to the cells. 

In constrast, the gene encoding a heavy chain 
in which C H 1, hinge, and C Q 2 were duplicated was ex- 
pressed following transfection. The chain assembled 
with a mouse x light chain and was secreted. These 
studies suggest that while there will be limitations as 
to specific ig molecules which can be produced, these 
limitations are not inherently size related. 
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Example 3 

m a related series of studies, deletions of 
various domains that affect the ability of 1= ™, f 
to assembie. to he secreted, and to ^ I ~ 
**, heavy chain genes encoding proteins with deleUons of 

hinge + C H 2; 
^h 1 + hinge; and 
C H 1 + hinge + C H 2 
10 were constructed and transacted into *yelo M cells. 

Clumenc heavy chains in which a domainfsl h« 

s,nthesL "'^ Ctai " a " a transfectants 

is aheu :: 9 3 p ; otein " et ^r ut,a - 

and s^creHd ro Cytoplasmic 
with ,li hi 7' Pr,Pared by P"«Pitating 

50 , - ■ th * 9 *°* *' Uh the aaletion of c„2 was 

of 1" ^ t0 «- ^"-i. of a Z.in 

of the expected molecular weight. This shortened heavy 

»Mc\ las ted: ^ ^ " 

chain , hi " Se * V w " e ael «ad, the heavy 

lively that Ze Ire lot™ ' " «~ 

of the h + ^ hi " 3e We " d9l " ed ' °° «— bl y 

with L ^ " Uh eU " er ° ther h "'» *•*«■ or 

with L cham occurred. This is not surprising since 

the free cysteine which foms the interchain disulfide 
bonds xs present in v . HoBevac , 

Chain iSUl£lde b ° nda ' "» "aavy 

chain is secreted. y 
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A heavy chain in which the variable region is 
directly joined to C H 3 was also produced. This heavy 
chain was secreted when cotransf ected with a chimeric 
light chain into a non-producing myeloma, it did not 
5 form covalent bonds with either light chain or another 
heavy chain. 
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Example 4 

Table 2 illustrates a number of domain-modi- 
fied constant region antibodies which have been pro- 



duced. 



Table 2 

Domain Exchange Protein, which Have B»»n P ^„„^ 



Vector 
Number 



1658 
1647 

20 1654 
1656 
1657 
1673 
1672 

25 1227 
1228 



c H i 


Hinge 


C H 2 




*2 


*3 


Y3 


Y 3 


*3 


*2 


*2 


Y2 


*3 


*3 


*2 


*2 


*2 


Y2 


*2 


*3 


*3 


*3 


Y3 


*2 


*1 


*1 


*4 


*4 


*4 


*1 


*1 


Y l 


Y 3 


Y4 


*4 


*4 


*4 


*3 


*3 


*3 
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Production of proteins prepared from the vec- 
tors set forth in Table 2 and analysis of their func- 
tions has begun. For example, vector 1654 produces a 
protein that has been analyzed for its Pc receptor 
binding activity and, like lgG 2 , does not bind to the 
Fc receptor of human monocyte cell lines. 
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tioned i " 1 . PUbUMti °" s ™* P«ent applications „.n- 

. * " thls s P««i«tion are indicative o£ the 
level o f skill o£ t „ Me skiUea ^ the 

5 all- T " Pertal " S - " l P^-atio„s and patent 
applications are herein incorporated by reference to 
the saae e«ent as if each individual publication or 

indicated to be incorporated by reference. 

will be a ! h6 inVenti ° n n0W bein 9 f «Hy described, it 
will be apparent to one of ordinary skill in the art 
that .any changes and modifications can be made thereto 
without departing from the spirit or scope of the 
appended claims. e 
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WHAT IS CLATMEn to. 
1. 



5 



10 



si^p ™ antib ° dy Chain havin 9 at least one binding 
site region and a domain-modified constant region. 

2. An antibody chain of Claim 1, wherein said 
binding Site region and said domain-modified constant 
region are from the same mammalian source. 

3. An antibody chain of Claim 1, wherein said 
binding site region is f rom a first mammalian sour<=e 
and said domain-modified constant region is from a 
second mammalian source. 

« 4. An antibody chain of Claim 3, wherein said 

fxr.t mammalian source is of the same species as said 
second mammalian source. 

20 f An antib ° dy chain of "aim 3, wherein said 

first mammalian source is of a different species from 
said second mammalian source. 

6. An antibody chain of Claim 1, wherein said 

domain-modified constant region contains a deletion of 
sub stant ally an Qf the ^ ac . dg Qf ^ 

the domains of c H l, hinge, c H 2, c H 3, or C H 4 and the 

IZlT* ° f *~*»— i«- constant 

region ha substantially the same amino acid sequence 

30 ! ,? ^ l6aSt d0main ° f a consta «t region of 

30 a mammalian antibody. 

7. An antibody chain of Claim 6, wherein said 
deletion comprises substantially all of the amino acids 
of at least two domains. 
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8. An antibody chain of claim 7, wherein said 
domains are non-adjacent. 

9. An antibody chain of Claim 1, wherein said 
domain-modified constant region has substantially the 
same amino acid sequence as that of a constant region 
of a mammalian antibody with the proviso that sub- 
stantially all of the amino acids of at least one of 
the domains C L , C H 1, hinge, C H 2, c H 3, or C H 4 are 
substituted by substantially all of the amino acids of 

antiboT 7- 0f Sai<J d ° mainS fr ° m 3 diff6rent — -«« 

antibody chain. 

10. An antibody chain of claim 9, wherein said 
domain-modified constant region is a substitution of a 
corresponding domain of an antibody of another isotype, 

11. An antibody chain of Claim 9, wherein said 
substituted domain is from the same host animal source 
as said constant region. 

12. An antibody chain of Claim 9, wherein the 
source of said substituted domain is from a different 
species than the source of said constant region. 

13. An antibody chain of Claim 1, wherein said 
domain-modified constant region has the same amio acid 
sequence as that of a constant region of a mammalian 
antibody and further comprises an insertion of 
substantially all of the amino acids of at least one of 
the domains of C L , C H 1, hinge, c H 2, C H 3 and C H 4. 

14. An antibody chain of Claim 13, wherein said 
insertion is of at least two domains. 
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15. The antibody chain of Claim 13, wherein said 
insertion is the duplication of at least one domain of 
said constant region. 

5 16. A DNA construct, comprising a DNA sequence 

encoding an antibody of Claim 1. 

17. A DNA construct for producing a domain- 
modified constant region of an antibody heavy chain 
10 comprising: 

(a) a first DNA sequence coding for a polypep- 
tide substantially the same as the C H 1 region of an 
antibody heavy chain; 

(b) a second DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3' 
end of said first DNA sequence, said second sequence 
coding for a polypeptide substantially the same as the 
hinge region of an antibody heavy chain; 

(c) a third DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3' 
end of said second DNA sequence, said third sequence 
coding for a polypeptide substantially the same as the 
C H 2 region of an antibody heavy chain; and 

(d) a fourth DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3- 
end of said third DNA sequence, said fourth sequence 
coding for a polypeptide substantially the same as the 
c H 3 region of an antibody heavy chain; 

wherein at least one of said linking groups 
contains a restriction site unique to said construct. 

18. The DNA construct of Claim 17, wherein two of 
said linking groups comprise unique restriction sites. 

19. The DNA construct of Claim 17, additionally 
comprising a fifth DNA sequence joined through a 
linking group at its 5' end to the 3' end of said 
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C H 4 reg lon of an antibody heavy chain. 

5 lin k i„o ° M COnStrU " ° f Clalm »• said 

' 9 ° UP *»*«i«9 the sequence encoding the 

C-te^nai doaain of the antibody heavy chain to the 
precede se^ence comprises a termination codon or a 

non-sense codon, 

10 modJ 1 ', A °° nStrUCt f ° r of a domain- 

modxf xed constant region antibody heavy chain 
comprising: 

_ . . , (3) a first DNA se <3^nc e coding for a po i y - 
pept.de substantially the same as the variable region 
15 of an antibody heavy chain; 9 

linkin* a . SeC ° nd S6qUenCe joined thr °"g» a 

linkxag group in fading frame at its 5- end to the 3- 

end of said first DNA sequence, said second sequence 

coding for a polypeptide substantially the same a the 

C H 1, region of an antibody heavy chain; 

linkinn 3 thir<3 ^ SeqU6nCe j ° ined thro «9h a 

Unking group xn reading frame at its 5- end to the 3 . 

cod T firSt 36qUenCe ' Said thi * d sequence 

'5 h in r 3 P ° lyPeptide substantially the same as the 
■5 hxnge region of an antibody heavy 

(d) a fourth DNA sequence joined through a 
linking group in reading frame at its S . end to the 3- 
end o f id toird DNft sequenc ^ ; 3 

codxng for a polypeptide substantially the samHs the 
0 C H 2 regxon of an antibody heavy chain; and 

linking a . fmh SeqU6nCe j ° ined a 

end 7 " readin9 frame at its 5< to the 3' 

end of said fourth DNA sequence, said fifth sequence 
codxng or a polypeptide substantially the same as he 
C H 3 regxon of an antibody heavy chain- 

fied antibL er6i K n ^ enC ° deS a ^in-modi- 

"ea antibody chain. 
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22. A DNA construct for expression of a domain- 
modified constant region antibody light chain 
comprising : 

(a) a first DNA sequence coding for a poly- 
peptide substantially the same as the variable region 
of an antibody light chain; and 

(b) a second DNA sequence joined through a 
Unking group in reading frame at its 5- end to the 3- 
end of said first DNA sequence, said second sequence 
coding for a polypeptide substantially the same as the 
C H 1 region of an antibody heavy chain. 

23. a cell which contains a DNA construct of Claim 
21 for expression of a domain-modified constant region 
antibody heavy chain. 

24. a cell according to Claim 23 additionally 
comprising a DNA sequence encoding an antibody light 
chain. * 



20 chain. 



25. A method for producing a domain-modified 
constant region antibody which comprises: 

(a) growing cells according to Claim 24 in a 
nutrient medium, whereby said DNA constructs are 
expressed and said heavy and light chains are intra- 
cellular^ bound together to form an antibody; and 

(b) isolating said antibody. 
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